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Description

1. Technical Field

[0001] This invention relates generally to heavy duty
pistons for diesel engines, and more particularly to mono-
bloc pistons manufactured with an integrated skirt and
an oil cooling gallery in the head of the piston.

2. Related Art

[0002] Monobloc pistons for heavy duty piston appli-
cations are known to the industry and characteristically
include an upper piston head portion formed with an outer
ring belt region surrounding a recessed combustion bowl
region and formed with an annular oil cooling gallery be-
tween the ring belt and combustion bowl in which cooling
oil is fed to cool the upper portion of the piston during
operation. Such pistons are further formed with a pair of
laterally spaced pin bosses featuring aligned bores for
receiving a wrist pin to couple the piston to a connecting
rod. The pin bosses are provided in the lower portion of
the piston beneath the head. Monobloc pistons further
include a piston skirt region which is formed as one-piece
with the pin bosses so as to be immovable relative to the
pin bosses, as opposed to an articulated style piston in
which the skirt is separately formed and coupled for ar-
ticulated movement to the pin bosses through the wrist
pin.
[0003] Monobloc pistons are traditionally made as ei-
ther a one-piece casting of aluminum or cast iron, or as
a two or more piece construction from various materials
including iron and steel which are cast and/or forged and
subsequently united to provide a one-piece joined struc-
ture through various means including bolting, brazing, or
welding. The intricacy of the various passages and re-
cesses, and in particular the cooling gallery regions, has
restricted the choice of materials to aluminum or cast
iron. The multipiece joined structure has the advantage
of dividing the piston structure into discrete parts which
can be individually manufactured and then joined to unite
the parts. The typical multipart monobloc piston is divided
across a parting line that passes through the oil cooling
chamber. In this way, part of the cooling chamber is
formed in the upper head or "upper crown" section, and
the remaining part of the cooling chamber is formed in
the lower pin boss or "lower crown" section. The upper
crown is often cast or forged of steel or cast iron and is
united across the parting line to the lower crown which
is sometimes of cast iron or forged of aluminum. Steel
has a higher modulus of elasticity than that of iron and
thus has advantages for use in the upper crown section
which is subjected to heat and cyclic loading of combus-
tion. There has been little motivation to form the lower
crown from other than cast iron since the lower crown is
not exposed to the level of heat and loading as that of
the upper crown.
[0004] From the patent applications No. EP 1 612 395

A1, GB 1200 453 A and US 2004/055460 A1 pistons with
piston heads and combustions bowls, pin bosses a piston
skirt and a piston head are already known that include
an oil gallery.

THE PRESENT INVENTION

[0005] The present invention provides pistons for en-
gines, having the features of claim 1. Preferred embod-
iments of such pistons are disclosed in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features and advantages of
the present invention will become more readily appreci-
ated when considered in connection with the following
detailed description and appended drawings, wherein:

Figure 1 is a perspective view, shown partly broken
away, of a piston constructed according to a pres-
ently preferred embodiment of the invention;

Figure 2 is a perspective view of the piston of Figure
1, shown from another angle and partly broken away;

Figure 3 is a perspective view of the piston of Figure
1 from a different angle;

Figure 4 is a plan view of the piston;

Figure 5 is a cross-sectional view taken along lines
5-5 of Figure 4;

Figure 6 is a cross-sectional view taken along lines
6-6 of Figure 5; and

Figure 7 is a cross-sectional view taken along lines
7-7 of Figure 4.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0007] A piston constructed according to an embodi-
ment of the invention is shown generally at 10 in the draw-
ings. The piston is of a monobloc construction and cast
entirely of one piece of steel, and preferably of SAE
4140H steel. The piston has an upper head portion 12
formed with an upper wall 14 that is generally planar and
includes a combustion bowl 16 recessed into the upper
wall 14 and bounded by a contoured combustion bowl
wall 18 that includes an undercut corner region 20 that
extends radially outwardly of an upper lip 22 of the com-
bustion bowl 16 to provide a reentrant or vertical structure
to the combustion bowl 16. Inward of the undercut region
20, the combustion bowl wall 18 is dome-shaped, with
the center of the dome-shaped wall 18 rising above the
under cut region 20 toward the upper wall 14, but termi-
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nating below the lip 22.
[0008] The head portion 12 further includes an outer
annular ring belt wall 24 that extends downwardly from
the upper wall 14 and is formed with a plurality of ring
grooves 26 that are either cast into the ring belt and then
machined, or formed entirely by machining following
casting. The ring grooves 26 accommodate a corre-
sponding plurality of piston rings (not shown) as is con-
ventional.
[0009] The head portion 12 is formed with an as-cast
oil cooling gallery 28 inward of the ring belt 24 and below
the combustion bowl 16. The oil cooling gallery 28 has
an outer annular wall defined by the ring belt 24 and, an
upper wall defined by the undercut region 20 of the com-
bustion bowl wall 18. An inner annular wall 30 of the gal-
lery 28 is spaced radially inwardly of the ring belt 24 and
extends downwardly from the combustion bowl wall 18
at a location radially inwardly of the undercut region 20.
The ring belt 24 is relatively thicker than that of the inner
annular wall 30, and the inner annular wall is, in turn,
relatively thicker than that of the combustion bowl 18.
[0010] The oil cooling gallery 28 includes a bottom wall
or floor 32 which extends between the ring belt 24 and
inner annular wall 30 to close the oil cooling gallery 28
to the bottom, as will be described in further detail below
to improve piston cooling efficiency and structure.
[0011] The piston further includes a pair of laterally
spaced pin bosses 34 that are cast as one piece with the
head portion 12 and which project downwardly from the
bottom wall 32 of the head portion. The pin bosses 34
are cast with a set of pin bores 36 aligned along a pin
axis 38 for receiving a wrist pin (not shown) for connection
of the piston 10 to a connecting rod (not shown) in the
usual manner.
[0012] The piston 10 is further formed with a piston
skirt 40 which is cast as one piece with the head portion
12 and pin bosses 34. This skirt 40 is connected to both
the ring belt 24 and the pin bosses 34 and is otherwise
unsupported. The skirt 40 is formed with a set of windows
or openings 42 that are cast into the skirt 40 on laterally
opposite sides of each of the pin bosses 34, for a total
of four or less such windows 42. The windows 42 elimi-
nate material mass and thus reduce the overall weight
of the piston in areas where the skirt is not needed.
[0013] Turning back to the oil cooling gallery 28, it will
be seen that the relatively thin-sectioned inner annular
wall 30 and undercut region 20 of the combustion bowl
wall 18 are formed with reinforcement ribs 44 to provide
locally thickened wall regions to enhance the structural
rigidity of the wall portions to withstand the forces of com-
bustion while minimizing the wall thickness in the adja-
cent unribbed regions to account for an overall reduction
in weight of the piston. It will be seen that the ribs 44
extend behind the ring belt 24 and only partially into the
oil gallery 28 and thus do not close off the gallery in the
circumferential direction such that the gallery remains
open and continuous in the circumferential direction. The
size of the ribs 44 vary, with the thickest of the ribs lying

over the pin bosses 34 in line with the pin axis 38.
[0014] Ribs 46 are also provided on the underside of
the combustion bowl wall 18 radially inward of the inner
wall 30 to strengthen the otherwise thin wall structure of
the combustion bowl wall 18 in the dome region.
[0015] The pin bosses 34 are formed with hollowed
regions or pockets 48 forming a generally saddle-shaped
chamber extending below the bottom wall 32 as an ex-
tension of the oil cooling gallery 28 in order to reduce
material mass and allow cooling oil to drain from the oil
cooling gallery 28 into the hollowed regions 28 of the pin
bosses 34. The hollowed regions 48 extend down into
the pin bosses 34 on either side of the pin bores 36 and
terminate short of the pin axis 38. The bottom wall 32 is
absent in the hollowed region areas 48 such that there
is direct open communication with the oil cooling gallery
28.
[0016] In the regions between the pin bosses 34, the
bottom wall 32 is preferably formed with at least one and
preferably a plurality of openings 50. The openings 50
allow the oil cooling gallery and the various associated
hollowed regions and ribs inside the gallery to be formed
during casting by means of a casting core which, follow-
ing casting, can be removed completely through the
openings 50. In addition, the openings 50 contribute to
a reduction in overall mass of the piston 10. As shown,
there are preferably four such openings, each pair of
openings being separated by an intervening ridge section
of the bottom wall 32 , although the invention contem-
plates elimination of the bridge 52 from one or both of
the sets of openings, if desired. The openings 50 further
serve to provide access to the oil cooling gallery 28 for
feeding cooling oil into the piston during operation and
to allow, at least in part, for the escape of oil from the
gallery. The hollowed regions 48 may also include oil
escape holes (not shown) for providing lubrication to the
pin bores 36 and/or to the inner faces of the pin bosses
34 to enhance lubrication with the wrist pin and connect-
ing rod interface.
[0017] The piston is preferably cast from SAE 4140H
steel. Although not limited to a particular process, the
piston may be cast using slow-fill counter gravity casting
techniques which enables steel, which is otherwise prone
to inclusions and solidification, shrinkage and porosity,
to be cast in complex thin-walled sections with intricate
features, as are presenting the piston 10, without forming
unacceptable levels of porosity and solidification defects
in the resultant casting.
[0018] Obviously, many modifications and variations
of the present invention are possible in light of the above
teachings. It is, therefore, to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

Claims

1. A piston (10) comprising:
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a piston head (32) having a combustion bowl
(16),
an annular ring belt (24), and
an annular oil gallery (28);
a pair of pin bosses (34) depending from said
piston head (32) having aligned pin bores (36);
a piston skirt (40);
wherein said piston head (32), said pin bosses
(34) and said piston skirt (40) are cast as a single
piece from steel,
an oil gallery floor (32) and
an inner annular wall (30) spaced radially in-
wardly of said outer annular ring belt (24),
wherein said oil gallery floor (32) is cast as one
piece from said steel characterized by further
comprising
a plurality of circumferentially spaced ribs (44)
projecting into said oil gallery (28).

2. The piston (10) of claim 1 including at least one open-
ing (50) cast in said oil gallery floor (32).

3. The piston (10) of claim 1 or 2, wherein said piston
head (32) includes a combustion bowl wall (18) and
said ribs (44) extend along an underside surface of
said combustion bowl wall (18) within said oil gallery
(28).

4. The piston (10) of claim 1 wherein said ribs extend
from said underside surface of said combustion bowl
wall (18) along said inner annular wall (30).

5. The piston (10) of claim 4 including a plurality of ribs
(46) extending along an underside surface of said
combustion bowl wall (18) radially inwardly of said
inner annular wall (30).

6. The piston (10) of claim 1 wherein said pin bosses
(34) include hollow regions communicating with said
oil gallery (28).

7. The piston (10) of claim 6 wherein said hollow re-
gions are saddle-shaped and extend below said floor
(32) of said oil gallery (28) into said pin bosses (34)
on either side of a pin bore (36) formed in each of
the pin bosses (34).

8. The piston (10) of claim 1 wherein said inner annular
wall (30) is thinner in cross-section than that of said
ring belt (24).

9. The piston (10) of claim 8 wherein said inner annular
wall (30) is relatively thicker in cross section than
that of said combustion bowl wall (18).

10. The piston (10) of claim 1 including at least one win-
dow (42) cast in said piston skirt (40).

11. The piston (10) of claim 10 including four of said win-
dows (42).

12. The piston (10) of claim 1 wherein said ribs (44) vary
in radial thickness.

13. The piston (10) of claim 12 wherein the thickest of
said ribs (44) lie in a plane containing a common axis
of a set of bores (36) cast in said pin bosses (34).

Patentansprüche

1. Kolben (10) umfassend:

einen Kolbenkopf (32) mit einer Brennraummul-
de (16),
ein kreisförmiges Ringband (24), und
einen kreisförmigen Ölkanal (28);
ein Paar von Bolzenaugen (34), abhängig vom
Kolbenkopf (32) mit ausgerichteten Bolzenboh-
rungen (36);
einen Kolbenmantel (40);
wobei der Kolbenkopf (32), die Bolzenaugen
(34) und der Kolbenmantel (40) als ein einzelnes
Stück aus Stahl gegossen sind,
einen Ölkanalboden (32) und
eine kreisförmige Innenwand (30), die radial
nach innen vom äußeren kreisförmigen Ring-
band (24) einen Abstand hat, wobei der Ölka-
nalboden (32) als ein Stück aus dem Stahl ge-
gossen ist,
gekennzeichnet durch ferner umfassend
eine Vielzahl von umlaufenden beabstandeten
Rippen (44), die in den Ölkanal (28) ragen.

2. Kolben (10) nach Anspruch 1, enthaltend zumindest
eine Öffnung (50), die in den Ölkanalboden (32) ge-
gossen ist.

3. Kolben (10) nach Anspruch 1 oder 2, wobei der Kol-
benkopf (32) eine Brennraumwand (18) enthält und
die Rippen (44) sich entlang einer Unterseitenfläche
der Brennraumwand (18) innerhalb des Ölkanals
(28) erstrecken.

4. Kolben (10) nach Anspruch 1, wobei sich die Rippen
von der Unterseitenfläche der Brennraumwand (18)
entlang der kreisförmigen Innenwand (30) erstre-
cken.

5. Kolben (10) nach Anspruch 4, enthaltend eine Viel-
zahl von Rippen (46), die sich entlang einer Unter-
seitenfläche der Brennraumwand (18) radial von der
kreisförmigen Innenwand (30) nach innen erstre-
cken.

6. Kolben (10) nach Anspruch 1, wobei die Bolzenau-
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gen (34) Hohlbereiche enthalten, die mit der Ölkanal
(28) verbunden sind.

7. Kolben (10) nach Anspruch 6, wobei die Hohlberei-
che sattelförmig sind und sich unter dem Boden (32)
des Ölkanals (28) in die Bolzenaugen (34) auf jeder
Seite einer Bolzenbohrung (36), die in jedem der Bol-
zenaugen (34) gebildet ist, erstrecken.

8. Kolben (10) nach Anspruch 1, wobei die kreisförmige
Innenwand (30) im Querschnitt dünner ist als das
Ringband (24).

9. Kolben (10) nach Anspruch 8, wobei die kreisförmige
Innenwand (30) im Querschnitt relativ dicker ist als
die Brennraumwand (18).

10. Kolben (10) nach Anspruch 1, enthaltend zumindest
ein Fenster (42), das im Kolbenmantel (40) gegos-
sen ist.

11. Kolben (10) nach Anspruch 10, enthaltend vier der
Fenster (42).

12. Kolben (10) nach Anspruch 1, wobei die Rippen (44)
in einer radialen Dicke variieren.

13. Kolben (10) nach Anspruch 12, wobei die dicksten
der Rippen (44) in einer Ebene liegen, die eine ge-
meinsame Achse eines Satzes an Bohrungen (36)
beinhaltet, die in die Bolzenaugen (34) gegossen
sind.

Revendications

1. Piston (10) comprenant :

une tête de piston (32) ayant une chambre de
combustion (16),
une zone de segmentation annulaire (24), et
une galerie d’huile annulaire (28) ;
une paire de bossages d’axe (34) dépendant de
ladite tête de piston (32) ayant des bossages
d’axe alignés (36) ;
une jupe de piston (40) ;
dans lequel ladite tête de piston (32), lesdits bos-
sages d’axe (34) et ladite jupe de piston (40)
sont moulés en une seule pièce dans de l’acier,
un fond de galerie d’huile (32) et
une paroi annulaire intérieure (30) espacée ra-
dialement vers l’intérieur de ladite zone de seg-
mentation annulaire extérieure (24), dans lequel
ledit fond de galerie d’huile (32) est moulé en
une seule pièce dans de l’acier,
caractérisé en ce qu’il comprend en outre une
pluralité de nervures (44) espacées circonféren-
tiellement se projetant dans ladite galerie d’huile

(28).

2. Piston (10) selon la revendication 1 incluant au
moins une ouverture (50) moulée dans ledit fond de
galerie d’huile (32).

3. Piston (10) selon la revendication 1 ou 2, dans lequel
ladite tête de piston (32) inclut une paroi de chambre
de combustion (18) et lesdites nervures (44) s’éten-
dent le long d’une surface située sous ladite paroi
de chambre de combustion (18) à l’intérieur de ladite
galerie d’huile (28).

4. Piston (10) selon la revendication 1, dans lequel les-
dites nervures s’étendent à partir de ladite surface
située sous ladite paroi de chambre de combustion
(18) e long de ladite paroi annulaire intérieure (30).

5. Piston (10) selon la revendication 4, incluant une plu-
ralité de nervures (46) s’étendant le long d’une sur-
face située sous ladite paroi de chambre de com-
bustion (18) radialement vers l’intérieur de ladite pa-
roi annulaire intérieure (30).

6. Piston (10) selon la revendication 1, dans lequel les-
dits bossages d’axe (34) incluent des régions creu-
ses communiquant avec ladite galerie d’huile (28).

7. Piston (10) selon la revendication 6, dans lequel les-
dites régions creuses sont en forme de selle et
s’étendent au-dessous dudit fond (32) de ladite ga-
lerie d’huile (28) dans lesdits bossages d’axe (34)
sur l’un ou l’autre côté d’un alésage d’axe (36) formé
dans chacun des bossages d’axe (34).

8. Piston (10) selon la revendication 1, dans lequel la-
dite paroi annulaire intérieure (30) est plus fine en
coupe transversale que celle de ladite zone de seg-
mentation (24).

9. Piston (10) selon la revendication 8, dans lequel la-
dite paroi annulaire intérieure (30) est relativement
plus épaisse en coupe transversale que celle de la-
dite paroi de chambre de combustion (18).

10. Piston (10) selon la revendication 1, incluant au
moins une fenêtre (42) moulée dans ladite jupe de
piston (40).

11. Piston (10) selon la revendication 10, incluant quatre
desdites fenêtres (42).

12. Piston (10) selon la revendication 1, dans lequel les-
dites nervures (44) varient en épaisseur radiale.

13. Piston (10) selon la revendication 12, dans lequel la
plus épaisse desdites nervures (44) se situe dans
un plan contenant un axe commun d’un ensemble
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d’alésages (36) moulés dans lesdits bossages d’axe
(34).
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